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‘Gaines’ and ‘Nugaines’ varieties of soft
white winter wheat (Triticum westivum)
yield straw ranging up to about 7 tons per
acre (2). Growing row crops such as dry edible
beans (Phaseolus vulgaris) or sugarbeets (Bete
vidgaris) following such heavy straw produe-
tion poses special management problems. Straw
layers that result from plowing down a large
amount of straw may result in reduced bean
yields - (supposedly because of nitrogen im-
mobilization}, abnormal sugarbeet root growth,
and tillage and water movement problems.
Much of the tremendous acreage of the irri-
gated wheat grown in the Pacific Northwest
is in rotation with sugarbeets, potatoes, beans
and other e¢rops. Therefore, straw residue
management is a major preblem with great
economic implications.

The influence of silica content of cereal grain'

straws on straw decomposition has not been
evaluated. Jones and Handrek (5) evaluated
giliea uptake and content of oats (Awveng
sterilis, “Algerian”) and postulated that silica
concentration in the plant is dependent upon
soil solution silica concentration and water
consumption. In the oat plant 8i0, concentra-
tions ranged from 11.0% in the empty ghime
to 0.1% in the seed.

Much of the gilica in the oat plant was re-
ported to be opal (6). Silica in cereal grain
straw is higher than in leguminous plants and

(Gaines wheat straw generally contains more

milica than does straw from the soft white
spring wheats Lemhi and Idaed (7).

The role of N in straw deecomposition has
been extensively investigated. Allison (1), and
Harmsen and Van Schreven (3) prepared re-
views of the exiensive literature on the subject

1 Contribution from the Northwest Branch, Soil
and Water Conservation Research Division, Agri-
cultural Research Service, USDA; Idaho Agri-
cultural Experiment Station cooperating.

which present the classical concepts relating
C:N ratios to plant material decomposition.
Allison (1) cited references indicating that
plant residues with C:N ratios greater than
25 to 30 require external sources of N for
most rapid decomposition. Nitrogen may be
lost from plant residues with wide C:N ratios
after they have decomposed and lost encugh
carbon to narrow the C:N ratio to less than
about 30. Because of the clagsical concepts
that adding N to straw decreases the C:N ra-
tios and accelerates straw decomposition, N is
frequently applied as a fertilizer for that pur-
pose.

Experimental and practical experience indi-
cates that the concepts are basically correct.
However, the increased use of N fertilizer
has increased crop yields and soil fertility.
James (4) reported a concentration of 650 lbs.
in one field and several above 200 1bs. NO,/-N
per acre carried over from one ecrop to the
next in central Washington in 1967. The highest
amount of N was found following two years of
heavily fertilized potatoes. However, one field
cropped to pumpkms and fertilized with 50
Ibs. N/acre each year for the two preceding
vears had about 270 lbs. NO;-N/acre. A crop
of wheat grown in soil with residual nitrogen
as high as these cited would probably not use
all the nitrogen. In such ¢ases, the addition
of N may mnot sacecelerate straw decomposi-
tion. Smith (8) showed that the N conient of
straw will not influence decomposition if the
soil has regidual N or nitrification capacity to
supply the needed N. Of course, the amount
of straw applied, and the N content of the
sttaw determine the amount of N required
from outside sources to accomplish most
rapid decomposition.

The objective of this study was to evaluate
the influence of silica, and N contents, and
straw application rate on decomposition of
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(laines wheat straw in Portneuf gilt loam so:l
in the Iaboratory. : :

MATERIALS AND METHOD

Gaines wheat straw from Aberdeen, Idaho,
was ground to pass through an 841p (20-

mesh) screen, separated into particle size
fractions, and analyzed for gilica and N con-

TABLE 1

fl;’li:rticle #ize disiribution, silica, and N contenis of
Gaines wheat siraw used in decom-
position experiments

icle sizes, Si0: N

Straw pu”tlcle sizes ‘13%1 )
841-500 2.74 0.20
BOD-250 3.02 0.23
250-149 3.89 0.25
<149 4,66 (.34
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tents (7). Silica and N contents inecreaged

- with decreaging particle size (table 1). After
- analysis, the samples with particle sizes larger

than 250u were ground to pass a 250p screen.
The eamples containing silica ranging from

274 to 4.66% Bi0, were used in the decom-

position experiments.

Bamples of straw weighing either 0.5 or 1.5
g were mixed with 99.6 or 985 g of Portneuf
silt loam soil that had been passed ihrough
a l-mm sereen. The soil and straw mixtures
were placed in 0.5-liter incubation bottles
fitted with inlet and outlet tubes for air
changing, The soil and straw mixtures were
wetted with 22 ml. water containing enough
NH,NO, to bring the N content of the straw
to either 0.5 or 1.75%. Reference will be
made hereafter to the N =as though it were
in the straw. The flasks containing the mix-
ture were incubated at 27 C for 11 weeks and

TABLE 2

Carbon diozide evoluiion as influenced by silica, nitrogen and application rate of Gaines wkeat straw
{Staitstical subclass means) .

Time, Weeks
Treatment 1 2 3 4 5 $ 7 8 9 ) 11 Total
Carbon, mg/meek
RiCs % _
2.74 30 29 24 19 13 12 12 10 - 8 8 1 17
3.02 30 24 20 17 13 11 11 - 8 8 8 10 160
3.89 30 2 2 18 16 13 11 9 8 8 8 166
- 4,66 32 27 21 18 16 12 10 8 7 8 9 168
. Bignificance ns .10 .10 ns .10 ns ns ns us ns 8. ns
N, %
057 20 X 20 15 12 8 9 7 6 7 8 150
- 1.76 28 25 22 20 17 16 13 10 9 9 10 179
Bignificance ng ne .05 .0 01 .M 010 .0 01 .05 do.o o1
Straw, g '
0.5 28 28 18 10 6 4 4 2 2 3 7 112
‘1.5 28 26 24 24 22 20 17 15 13 12 A1 212
‘Bignificance- ns nz .01 Ri)3 .01 .01 .0 K1) .n .01 01 01

Nitrogen-Straw Interactions

N, %-Strow, g*

0.6 0.5 29 31 18a 1lab T7ab
©1.75 0.5 22 24 18a 9a 5a
‘0.5 1.5 28 26 22ab 18b i6b
1,75 1.6 28 26 2fb  3le  20e
" Significance ns ng .05 .01 .01
Boil Control

7.5mg N 4 0 0 3 4
26.2 mg N 11 1] 0 3 6

4a 6a 23 2 48 6 120a

48 3a 3a 28 3a 7 108a

13 12b 12b 10 11b 10 178a

27c 22c 18¢ 16b  1l4b 13 251b
.0 .01 01 .01 .01 ns .01
2 1 1 0 1 1 27

.0 2 ¢ 1 1 3 27

* Numbers followed by differsnt letters are different at the indicated significance level.
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the air in:the flagks. was flushed. with COs
free air at weekly'intervals ~“The €0, was ab-
sorbed. in ascante in a,ppropnate t.raps and.
weighed. ‘

The trestments were arranged in  randomized
blocks ‘and- replicated three times. Soil controls
treated with 7.5 or 262 mg N, equivalent fo
the 0.5 and 1.75% N rates of the 15-g straw
applications were = incubated without straw
simultaneously with the other treatments, Soil
nittate was- determined after 11 weeks’ ineu-
bation by the phenoldisulfonic acid method.

REHULTS AND DISOUSSION

Sﬂ:ca in- the concentration range 274 to
4.66% S8i0, did not influence decomposition of
Gaines . wheat siraw during most of the 11
weeks’ incubation in the laboratory (tabie 2).
During the 2nd and 3rd weeks the decomposi-
tion rate appeared to decrease slightly with in-
creasing silica, but in the 5th week the opposite
was observed. These results were significant
at the 909 probability level and, because of
the reversal of trend and irregularity of the
data, are questionable. There were no signifi-
cant interactions nor trends toward significance
in decomposition because of silica content of
the straw at 2 N rates and 2 siraw addition
rates. Some siliea content of straw may in-
hibit mierobial activity and slow straw decom-
pogition, but if there ig 2 limiting concentra-
tion it is greater than the 46% maximum
silica content found it the straw used in this
experiment. The implication of this report is
that the silica concentration. of (Raines. wheat
straw grown in gouthern Idaho will not slow
straw decomposition.

The h]gh straw application, represented by
the 1.5 g in 98.5 g of soil, decomposed more
rapidly with 1.75% than with 0.5% N during
the 3rd to the 11th week of the ineubation
(table 2)., The differences in decomposition at
the 1.5-g straw addition rate because of N
were great epough for statistically significant
differences to be found in the overall compari-
gons of decomposition for weeks 3 to 11. The
0.5-g straw samples decomposed at essentially
the same tate at both the 0.5 and 1.75% N
addition rates.

For a maximnm decomposition rate, low N
straw Tequires additional N from an outside
soarce. In the cases reported here, the seil

TABLE 3 . o
- Nitrale niirogen in: soil following siraw ..
© decomposition {(staiistical subcluss means)

 NOSN -

Treatments
N ' St;aw _ =;p§;=.=l_ h
0.5 0.5 . ®Bb-
1.75 0.5 27e
0.5 ‘1.5 Cda
1.75 1.5 6a
0.5 - Both rates 49 a
1.78 " Both rates 143 b
. Both rates . 0.5 182 b
Both rates 1.5 10a
Soil control 7.5mgN 196
Boil control 26.2mg N 366 b

* Nymbers in undertined groups followed by
different letters are different at- the 05 szgnlﬁ—
cance level. :

supplied enough N to eliminate decomposi-
tion differences when 0.5 g of straw was ap-
plied, but not when 1.5 g of straw was added,
Carbon. dioxide evolution was much greater
from the 1,6 g than from the 0.5 g straw ad-
ditions but total decomposition was shout 32
and 44% of the added straw, reapeotively. .
Carbon dicxide evolution from the soil con-
trols was not compared statistically with the
other treatments, and it appeared to be about
the same for both N treatments (table 2).
The soil controls - were not subtracted from
the values reported in table 2.
" The nitrate content of the soil following 11
weeks’ incubation with straw was not influ-
enced by different silica contents of the straw,
and averaged about 96 ppm., nitrate N, How-
ever, the nitrate content of the soil was greatly
influenced by the straw application rates and
the straw nitrogen contents (table 3). Sta-
tistical subelass mesns for nitrate as influ-
enced by straw nitrogen showed a highly
significant difference, with less nitrate in the
goil for the 0.5 than for the 1.76% N treat-
ments. Straw application rates were also sig-
nificant, with lower nitrate bheing found with
the 1.5-g than the 0.5-g straw application rates.
The interactions between the straw application
and N treatment were also significant. Ay the
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(.5-g straw application,  the higher N treat-
ment had much more nitrate than the lower
N treatment but the presence of appreciable
nitrate in both cases indicated excess nitrogen
for decompogition. At the 1.5-g straw applica-
tion rate, both nitrate levels were low, indi-
cating N deficiency. The nitrate content of the
soil control that received 26.2 mg N (corre-
sponding to 1.75% N in straw) was 366 ppm.
after incubation. The ecorresponding sample
treated with 0.5 g straw contained 271 ppm.
and the sample treated with 1.5 g straw the
soil contained 16 ppm. nitrate N after in-
cubation, Some N immobilization apparently
oceurred with the 1.5-¢ application even
though the 1.75% N content straw should be
near the theoretical equilibrium and should not
immobilize additional soil N.

Nitrogen loss may also have oceurred in the
system. Caleulations of oxygen depletion mdi-
cate a maximum depletion of about 65% for
the 1.5-g straw samples early in the incuba-
tion period. While this depletion level would
leave 7.3% O. in the system, oxygen -tension
may have been low enough in localized areas
for short. duration between air flushing to al-
low denitrification, utilizing the mitrate as an
oxygen source. This may have contributed
to the low nitrate values in the 1.5-g straw
treatments with 1.75% N.

SUM:MARY

Bilica contents of Gaines wheat straw rang-
ing from: 2.74 to 4.66% 8i0, did not influence
decomposition of the straw. This would sug-
gest that the silica content of the straw is not a
factor in decomposition of straw normally
found in the field m southern Idaho. Nitrogen
contents of 0.5 and 1.76% did not influence
deomposition when 0.5 g of straw was inou-
bated in 99.5 g of soil. Straw containing 1.75%
N decomposed faster than straw containing
05% N when 1.5 ¢ was added to 98.5 g soil
With the 0.5 g straw treatment, the soil sup-
plied enough N to eliminate differences in de-
composition because of N, but this was not the
case when 1.5 g of straw was added to the soil.
Nitrate remaining in the soil after 11 weeks'
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incubation was related to the amount of N in
the. straw and the straw application rate. When
decomposition was not influenced by straw ‘N
content, & large amount of nitrate was found
after the incubation. When N limited de-
composition, little nitrate was found in the
soil,

These findings support the aeccepted concepts
involved in straw management. Under certain
conditions in the field when soil N or nitrifi-
cation potential are high, fertilizer N applied
to fairly low straw applcation will not ac-
celerate  decomposition. Conversely, when
large straw applications are made or a large
amount of straw remains from a crop on land
low in residual nitrogen and low in nitrifica-
tion - capacity, additional - nitrogen probably
will hasten decomposition.

REFERENCES

(1) Allison, Franklin E. 1986 The fate of ni-
trogen applied to soils. Advances in Agron.
18: 219-258.

(2} Douglas, C. L., Smith, J. H and LeBa.ron,
M. T. N1trogen fertilization and irrigation
of Nugaines and Lemhi wheat. Univ. of
Idaho Expt. Ste. Bul. (In press).

(3) Harmsen, G. W. and VanSchreven, D. A
1955 Mineralization of organic nitrogen in
aoil. Advances in Agron. 7: 209-308.

(4) James, D. W. et al. 1968 Predicting . the
nitrogen fertilizer requirements of sugar
beets grown in cenitral Washington; 1967
reses,rch results, . Waah Agr, Expt. Sta
Circular 488. 11 pp.

(5) Jones, L. H. P. and Handreck, K. A. 1965
" Studies of silica in the oat plant: 3. Plant
and Soil 23: 79-96.

(8) Jones, L. H, P., Milne, A. A. and" Wadham,
8. M. 1963 Studies of silica in the oat
plant: 2. Plant and Soil 18: 358-371. .

(7) Smith, J, H,, Carter, D. L., Brown, M. J. and
Douglas, C. L. 1988 Differences in chemi-
cal composition of plant fractions result~
ing from grinding and screening. Agron

. Jour, 60: 149-151,

{8) Smith, J. H. 1969 The influence of mtro-
gen on straw. decomposition in the field
snd laboratory, 8th Ann, Wash, State
Potato Conf. Proc. 120 pp.



